Biomanipulation of consumer populations can have strong top-down impacts on the composition and biomass of lower trophic levels. In this paper, we assess how changes in crustaceans' biomass influence classical grazing and the microbial food web in an oligo-mesohumic, low-pH lake (Mazurian Lake District, Poland). Removal of mesozooplankton from the experimental mesocosms created a gradient of crustacean biomass resulting in the biomass increase of rotifers, phytoplankton and protozooplankton, while autotrophic eukaryotic picoplankton (eu-APP) and bacteria were not affected. The strongest modifications concerned the rotifer biomass and phytoplankton community structure. Our results imply that the trophic cascade generated in the experiment did not extend to bacteria and eu-APP.
INTRODUCTION
One of the main problems in ecology concerns the processes controlling the abundance of organisms and energy flows in various ecosystems. Nutrients and predation in aquatic ecosystems are two main forces controlling the plankton biomass and production. A hypothesis explaining this controlling mechanism is based on whether there is an 'even-versus-odd' number of trophic links in a food web. For example, in an even-link lake food web, herbivorous zooplankton can efficiently control the phytoplankton biomass, whereas in odd-link lake food chains, the biomass of herbivorous zooplankton is limited by predation and phytoplankton biomass and controlled by the availability of inorganic nutrients (Persson et al. 1988 , Mazumder 1994 . The combined direct and indirect effects of top-down predation are known as a trophic cascade (Carpenter et al. 1985) .
The discovery of the microbial loop (Pomeroy 1974 , Azam et al. 1983 ) posed the question of how the microbial communities are incorporated into the classical planktonic food web and to what extent they are subjected to trophic cascades. The top-down effects of zooplankton on classical and microbial food webs are variable (Pace and Funke 1991 , Vaqué and Pace 1992 , Jürgens 1994 ). In general, experimental studies tend to find that large cladocerans, especially Daphnia, have strong negative effects on all planktonic communities from classical and microbial food webs (Jürgens and Jeppesen 2000, Burns and Schallenberg 2001) . In some instances, Daphnia has been shown to reduce the abundance of bacteria and autotrophic picoplankton .
The grazing of copepods, which feed by catching and not filtering like cladocerans, seems to exert diverse effects on planktonic communities in various environments. Most authors agree that there is a strong copepod influence on the biomass of ciliates and nanoflagellates, but not always on phytoplankton (Jürgens and Jeppesen 2000 , Burns and Schallenberg 2001 . The impact of copepoddominated mesozooplankton on picoplanktonic communities seems to be even more variable. A reduction in bacteria biomass and a shift towards filamentous bacteria, as well as an increase in prokaryotic APP biomass under copepod grazing was found in a hypertrophic lake (Jürgens and Jeppesen 2000) , while the opposite trend was reported in a mesotrophic lake . On the other hand, in experiments set in oligotrophic and eutrophic lakes, no differences in both types of picoplankton communities were reported in the presence of copepods (Burns and Schallenberg 2001) . This implies that copepods may trigger a trophic cascade within planktonic communities, however, this process may be relatively weak in oligotrophic lakes due to other factors, including energy limitation or food web structure. For example, it has been suggested that in more complex aquatic ecosystems, with a higher number of taxa, potential buffering mechanisms weaken or obstruct the trophic cascade (Strong 1992) .
Another issue related to mechanisms controlling the food webs and the occurrence of a trophic cascade are humic and low-pH lakes. Planktonic food webs in humic lakes are supposed to be subjected to similar controlling mechanisms as non-humic lakes (Arvola 1999 ). However, due to the fact that such lakes are usually characterized by the dominance of bacterial over primary production and by high contribution of mixotrophic taxa , Bergström et al. 2003 , Jasser et al. 2009 ), buffering processes may occur in them, which will possibly obscure the trophic cascade (Strong 1992) . Nonetheless, the tropic cascade and its extension to the microbial food web, as well as the role of eukaryotic picoalgae, frequently dominating APP in these ecosystems, have generally received little attention.
Thus the aim of this study was to test how the manipulation of a natural mesozooplankton community influences the classical and microbial food webs of an oligo-mesohumic lake and whether the trophic cascade extends to the microbial food web. To this end we carried out a mesocosm experiment that generated a gradient of mesozooplankton biomass, in which all components of classical and microbial communities were analyzed in a long-term scale as mean biomass across the treatments, as well as in a short-term scale, on the basis of every-second-day sampling within each treatment. The experiment's duration of over two weeks was enough to cover two generations of macro-grazers, about four generations of rotifers and even more of protozooplankton. As generation time of picoplankton varies between a few and several dozen hours, in favorable conditions dozens of picoplankton generations would occur during the experiment. We set the experiment in a humic lake characterized by increased zooplankton biomass during the summer. The high zooplankton biomass kept phytoplankton biomass low between late spring and late summer, indicating strong and effective grazing pressure of large zooplankton (Jasser et al. 2009 ).
MATERIALS AND METHODS

Experimental design
The experiment was set in an oligo-mesohumic, low pH, moderately productive lake situated in north-eastern Poland. Lake Kruczy Staw (53°40' N, 21°24' E) is small and fairly deep with a considerably high Secchi depth (Table 1 ). The experiment consisted of a set of six transparent, strong polyethylene mesocosms of 4.5 m depth and 0.75 m Table 1 Basic physical, chemical and biological characteristics of the studied lake. The chemical and biological data are for the duration of the experiment. diameter (1.8 m 3 ) suspended in the epilimnion of the lake. The mesocosms were filled with water from the epilimnion poured through an insect net (0.5 cm of mesh diameter) to avoid any potential fish impact and were covered with nets. The mesozooplankton was removed from five mesocosms by means of a plankton net of 100 µm mesh size, to obtain 1/2, 1/5 th , 1/25 th , 1/50 th and "0" of the crustacean abundance present in the lake at the beginning of the experiment. This resulted in densities of ca. 33, 12, 5, 2 and 0 individuals l -1 in successive experimental treatments. The sixth mesocosm, with no zooplankton removal, served as a control. Our assumption was that a gradient of zooplankton with six densities would produce a strong evidence of directional changes in the experiment. The results showing the gradual character of changes along the gradient indeed confirmed the validity of this design. The experiment set on the 7 th of July 2005 lasted for over two weeks of every second or third day of sampling. Additionally, the sampling was performed once again after another two weeks, on the 8 th of August.
Analyses of abiotic variables
Temperature, pH and oxygen of water in the mesocosms were measured electronically (OXI 195) in situ. The concentrations of basic nutrients were determined in unfiltered and filtered (GF/F) water. Total phosphorus (TP) and orthophosphates (P-PO4) were measured colorimetrically (Golterman and Clymo 1978) and total nitrogen was defined as Kjeldahl nitrogen (TKN), which is a sum of organic nitrogen and ammonium (Dowgiałło 1984) . The concentration of total and dissolved organic carbon (TOC and DOC) was analyzed in an automatic TOC analyzer Shimadzu TOC 5050A.
Analyses of biotic variables
We analyzed bacteria, autotrophic eukaryotic picoplankton (eu-APP), nanoflagellates (NF), phytoplankton, ciliates, rotifers and crustaceans. The APP, bacteria, and NF were analyzed with a NIKON fluorescent microscope according to standard methods. APP was analyzed using autofluorescence (Malinsky-Rushansky and Berman 1991), while bacteria and NF with DAPI staining (Porter and Feig 1980) . For the size measurements of eu-APP and bacteria, a color digital camera (DXM 1200F) and computer image analysis system with Lucia software were used. Phytoplankton was identified and counted using an inverted light microscope (Utermohl 1958) . Ciliates were analyzed using a light microscope. Rotifers and crustaceans were analyzed in a compound microscope. The biomass of each planktonic group was converted to carbon units (mg C m -3 ). The concentration of chlorophyll a was measured spectrophotometrically after ethanol extraction (Marker et al. 1980 ) in two fractions: picoplankton (<2 µm) and micro-plus nanoplankton (>2 µm). The detailed description of microscopic methods, conversion factors and chlorophyll a analyses are presented in Jasser et al. (2009) , where the first part of the studies is described.
Statistical analyses
We used the Statistica 8.0 package for the statistical analyses. We applied non-parametric Spearman rank correlation to measure statistical dependence between two analyzed variables, such as: dilution of crustaceans in consecutive treatments and their mean biomass, biomass of chlorophytes and chrysophytes and crustaceans, as well as ciliates and NF. The stepwise multiple regression (forward selection) was used for prediction and determination of functional relations among the dependent variables, such as APP and bacteria, and independent variables, such as the rest of the analyzed planktonic groups. In order to resolve the complex relationships into interactions of fewer and simpler factors, we used correspondence analysis (CA). In this analysis, data computed from the column perspective characterized the changes of the studied variables and components of the trophic food web (e.g. APP, NF, P-PO4) across experimental treatments. When computed from the row perspective, the analysis characterized the treatments on the basis of mean values for all variables in each treatment. Due to some missing data, the treatment with 1/25 th of initial mesozooplankton abundance was omitted from a few analyses.
RESULTS
The mesozooplankton gradient
During the course of the experiment we managed to maintain the gradient of the crustacean number and biomass in experimental treatments, despite the slight increase of crustaceans' abundance in all mesocosms in time (Fig. 1) . The gradient was confirmed by a significant correlation between the consecutive treatments (dilution of crustaceans) and mean zooplankton biomass (R = 0.94, P <0.05). The mesozooplankton community in the lake was dominated by Eudiaptomus gracilis, Diaphanosoma brachyurum and Holopedium gibberum. Rotifers, present in the lake in very small numbers, were represented only by Synchaeta pectinata and Trichocerca simonei feeding on small algae. The removal of mesozooplankton (100 µm net) also affected the mesozooplankton composition. The percentage of microfiltrators represented by cladocerans and juvenile forms of copepods increased with gradually decreasing biomass of mesozooplankton from average 55% in the control to 92% in the "0" treatment.
The biomass changes in all planktonic communities
The analysis of all plankton groups in the mesocosms and in the control revealed that while the mean biomass of crustacean zooplankton was decreasing, the mean biomass of phytoplankton and chlorophyll a concentration, as well as the mean biomass of rotifers, ciliates and nanoflagellates was increasing across the crustacean gradient (Fig. 1) . The highest biomass of phytoplankton, NF and chlorophyll a was recorded in the mesocosm with the lowest crustacean biomass. The rotifers and ciliates reached the highest abundance in the treatment with 1/50 th of the initial zooplankton abundance. In contrast to the communities described above, the mean biomass of bacteria and eu-APP did not show any clear trend, though variations in eu-APP and bacteria biomass were observed in all the treatments on the basis of sampling every second day. Rotifers, ciliates and NF were strongly affected by the grazer manipulation. In the mesocosm with the 1/50 th of the initial crustaceans density, the mean biomass of rotifers and ciliates was exceptionally high. This was accompanied by a lower mean biomass of phytoplankton and NF, as well as chlorophyll a.
Except for the TP concentration, which was the highest in the control, and the mean values decreasing in mesocosms with the decreasing crustacean biomass, no trends were recorded for the mean concentrations of P-PO4, TKN and DOC.
The Spearman correlation analysis, performed for the mean biomass of crustaceans as a dependent factor and for other plankton groups as an independent one, showed that the correlation between crustaceans vs. rotifers, NF and chlorophyll a were strongly negative (-0.94, -0.90 and -0.89 respectively) and statistically significant (0.02 > P > 0.005). Additionally, a negative trend was established by correlating crustaceans with ciliates and phytoplankton biomass (-0.80 for ciliates and -0.71 for phytoplankton), though these results were not statistically significant. In the case of crustaceans and Fading out of the trophic cascade at the base of the microbial food web| 5 www.oandhs.org picoplankton communities (bacteria and eu-APP), the Spearman correlation coefficients were low and not significant.
Changes in phytoplankton composition
The differences in the mean and the maximal phytoplankton biomass and chlorophyll a concentration were accompanied by changes in the composition of the phytoplankton community (Fig.  2) . The microscopic analyses revealed that in the control and the 1/2 treatment, non-edible, microplanktonic, gelatinous and colonial green algae from Chlorococcales, such as Sphaerocystis sp., dominated the community in the second week of the experiment. In treatments with lower crustacean biomass (1/5 th and 1/25 th ) the contribution of small, nanoplanktonic and potentially mixotrophic chrysophytes grew higher. However, towards the end of the experiment, again a reduction of this group and an increase of non-edible Chlorococcales was observed. In the mesocosms with the initial 1/50 th and "0" biomass of zooplankton, even higher contribution of potentially mixotrophic taxa, especially chrysophytes, and lower contribution of chlorophytes were recorded. Particularly in the treatment with the lowest biomass of mesozooplankton "0", the mean contribution of chrysophytes was 51% of the total phytoplankton biomass and the maximal reading was 77%. The Spearman correlation analysis confirmed the findings: the mean chlorophytes biomass correlated significantly positively with the gradient of crustaceans (R = 0.94, P = 0.004), while chrysophytes correlated negatively (R = -0.83, P = 0.04). Mesozooplankton influence on all variables − the correspondence (CA) analysis
The CA analysis (computed from the column profile) revealed that all the 12 analyzed variables could be divided into 5 well-defined groups, among which the crustaceans and rotifers occupied the opposite sides of the first factor axis (Fig. 3A) . The crustaceans were located far from the average profile on the positive side of the first factor axis, representing 87.7% of the total inertia. They were placed just below the second factor axis, however, accounting only for 8.4% of the total inertia. The TP and P-PO4 formed the second group, placed closest to the main axis. The third group consisted of bacteria, APP, TKN and DOC, and was located on the left side of the first factor axis. These variables did not differ visibly and statistically between treatments and were placed considerably close to the first axis. The NF, algae, chlorophyll a and ciliates were located together further to the left. The rotifers, classified as the fifth group, were positioned far left at the longest distance from the average profile.
The CA analysis of the treatments (computed from the row profile) showed that the mesocosms clustered in two main sets (Fig. 3B) . The control and treatment with half of the initial crustacean biomass formed one group on the positive side of the first factor axis, which explains 87.6% of the total inertia. The rest of the mesocosms were positioned on the negative side of the first factor axis. The mesocosms were arranged according to the gradually decreasing biomass of crustaceans. Thus the "0" treatment was located on the far left, opposite to the control and 1/2 mesocosm, while mesocosms with intermediate crustacean biomass in-between. The treatment with 1/5 th of mesozooplankton was close to the 0 value of the horizontal axis, representing the average profile.
Trophic cascade within microbial communities
An additional analysis of microplanktonic and nanoplanktonic consumers (Fig. 4) revealed that the biomass of NF and ciliates in the control and all experimental mesocosms was changing on every second day showing a mirror image in their dynamics. A decrease in ciliate biomass, noted at the beginning of the experiment in almost all treatments, was accompanied by an increase of NF biomass, followed by increased ciliate biomass, which in turn resulted in a reduction of nanoflagellates. Only in mesocosm with 1/50 th of the initial crustacean biomass, this inverse relationship was not noticeable at the beginning of the experiment, but towards the end of the first week. In all treatments the correlation between ciliates and NF was negative; only in the 1/50 th treatment it was statistically significant (R = -0.89, P = 0.001). The addition of rotifers to the analysis, which are also possible consumers of NF, allowed further explanation of changes in the NF community in the treatment with no crustaceans (Fig.  4) . The Spearman correlation coefficient for NF and the sum of their grazers in this mesocosm was R = -0.67 with P < 0.05. The stepwise forward regression performed in each experimental treatment separately for bacteria and eu-APP (Table 2) revealed that different consumers explained changes in their biomass. The analysis, which took into consideration bacteria and all other planktonic communities, showed that NF, ciliates or rotifers could in various treatments statistically significantly explain the variations of bacterial biomass. In the case of eu-APP, depending on the treatment, crustaceans, rotifers and NF turned out to be the most important variables explaining up to 99% of eu-APP biomass variations in one-or twostep analysis. However, no significant relationships with potential grazers were found for either bacteria or eu-APP in the treatment with the initial "0" biomass of crustaceans.
DISCUSSION
The experiment illustrated that the removal of mesozooplankton consumers initiated a trophic cascade and complex changes in the classical and microbial food web of a humic lake. The gradient of zooplankton biomass, gradually reducing the grazing pressure, resulted in a consistent increase of the mean biomass of rotifers, phytoplankton, ciliates and NF (Fig. 1) across the treatments. The effect of the cascade was, however, attenuated at the base of the microbial food web, which was reflected in the absence of any significant changes in the mean Fig. 4 . Detailed analysis of the biomass changes in protozooplankton (ciliates and NF) and rotifers.
Table 2
The results of the stepwise regression analysis (forward selection) for picoplankton communities (APP and bacteria) and various planktonic groups. APPautotrophic picoplankton, NF -nanoflagellates. biomass of picoplankton communities (bacteria and eukaryotic APP). Although we had no replicates in the experiment, the 6 densities of mesozooplankton (from maximal in the control to "0") generated changes with the corresponding gradual intensity, supporting our general hypothesis. The experiment carried out in large enclosures for over two weeks met the requirements for 'mesocosms', a large-scale experiment (Bloesch 1988) . According to Sarnelle (1997) , in terms of duration and enclosure-size, such large-scale experiments imitate more precisely the natural dynamics of a lake compare with small-scale (microcosm) experiments, and thus provide reliable results allowing a prediction of whole-lake responses to changes within top consumers of the food webs. Our mesocosm experiment allowed to track changes within communities of varying body size, as well as, with short and long generation time, such as bacteria and eu-APP, ciliates and NF, as well as rotifers and phytoplankton. The analysis of the mean biomass of the planktonic and microbial communities permitted to describe long-term changes, which involved both direct and indirect relationships between organisms. On the basis of every second-day sampling, a shortterm dynamics of communities within each treatment was established, which was especially important for organisms with short generation time.
Direct influence of large grazers
Taking into consideration high mesozooplankton biomass and its very efficient grazing in the study lake (Jasser et al. 2009 ), we decided not to increase the crustacean biomass in the experiment relative to the natural conditions in the lake but, on the contrary, to gradually remove the crustaceans and hence to lesser the grazing pressure. The gradual reduction of the crustacean biomass in our experiment increased the biomass of rotifers and phytoplankton, which has also been reported in other systems (Jürgens and Jeppesen 2000 , Burns and Schallenberg 2001 , Sommer et al. 2003 . The rotifers responded especially strongly in treatments with the two lowest initial biomass of mesozooplankton, while the phytoplankton biomass changes were more gradual but less pronounced, with the highest mean chlorophyll a and fresh phytoplankton biomass in the "0" treatment and the lowest in the 1/2 treatment and in the control. The manipulation with big grazers also had visible effects on protozooplankton, with the scale and character of changes similar to those observed for phytoplankton (Fig. 3A) . The CA analysis, however, pointed to rotifers as the mostinfluenced community, placing them far from all other communities and variables. This is in line with earlier findings (Ronnenberger et al. 1993) attributing the changes in the rotifer biomass and composition to direct predation and exploitative competition for resources with crustaceans.
The substitute effect of large vs. small grazersweakening of the trophic cascade
The detailed analysis of the protozooplankton communities revealed that in all experimental treatments the ciliates and NF exhibited a mirror image of their biomass changes (Fig. 4) . It seems that releasing the protozooplankton from grazing pressure generated patterns typical of predator-prey oscillations, with statistically significant negative correlation in the 1/50 th treatment.
Even if triggered by manipulation with crustaceans rather than fish, the trophic cascade going from mesozooplankton through rotifers to protozooplankton apparently faded below this level. The lack of long-term changes in the mean biomass of eu-APP and heterotrophic bacteria was similar to experimental results when copepods were the top grazers (Burns and Schallenberg 2001) . In our experiment the mesozooplankton was represented by copepods and cladocerans, though their gradually decreasing biomass was accompanied by the increasing contribution of microfiltrators. Additionally, a slow increase of mesozooplankton was observed in all treatments, which could be explained by juveniles hatching from eggs. A similar increase of mesozooplankton over an experimental period was already observed in a mesocosm experiment (Sommer et al. 2003 . Although such an increase could somewhat obscure the effect of our experiment, the gradual response of planktonic communities in consecutive treatments supports the extension of the trophic cascade to the microbial food web and its disappearance at its base. The biomass of bacteria and eu-APP varied significantly in each treatment though could not point to any consumer as a major one across all the treatments. It seems that during the experiment, eu-APP and bacteria were constantly under strong grazing pressure in all treatments. The disappearance of big grazers in experimental mesocosms favored the development of smaller forms, such as rotifers and ciliates, characterized by shorter generation time.
They in turn grazed efficiently on eu-APP and bacteria (of few to several hours of generation time) maintaining their biomass at a low level despite various consumers' groups prevailing in each of the treatments.
The stepwise regression analysis showed that in the treatments with mesozooplankton dominance and in the lake, eu-APP seemed to be controlled by crustacean microfiltrators and rotifers, while in a lowmesozooplankton treatment, the NF could explain 97% of eu-APP changes (Table 2 ). In treatments with the lowest biomass of mesozooplankton, changes within the eu-APP community could not be attributed to any particular group, implying that APP fell victim of various groups. Similarly diverse consumer's groups could in various treatments be responsible for changes of bacterial biomass: NF in the lake and in the control, while rotifers and ciliates in the 1/2 and 1/50 th treatments respectively. As well, as in the case of eu-APP, no particular group could account for bacteria changes in the treatment with the lowest mesozooplankton biomass. It seems that in this treatment not only ciliates and NF, but also rotifers and crustaceans, which began to increase toward the end of the experiment, played an important role in controlling the picoplankton community. Although nanoflagellates are generally considered the main APP consumers (Callieri and Stockner 2002) , Horn and Horn (2008) argue that crustaceans had the strongest effect on APP, basing their long-term study on observed inverse relationships between APP and various consumers groups. In our experiment, we demonstrated an active and successful replacement of various grazers of both picoplanktonic communities: eu-APP and bacteria. It seems that big grazers, for example crustaceans, as well as small ones, such as protozoans, may have a powerful impact on picoplankton, resulting in a consequent disappearance of a trophic cascade at this level.
While grazers from the immediate trophic levels are supposed to directly control their potential prey, grazers from more distant trophic levels and sizes are generally thought to influence the victims in an indirect way, by releasing them from the presence of immediate consumers. However, the presented results indicate that they can also directly influence the prey through omnivory, a process obscuring the effects of the trophic cascade (Muylaert et al. 2006) . Omnivorous ciliates were shown to feed both on NF and bacteria, which weakened the trophic cascade from cyclopoid copepods to bacteria. (Muylaert et al. 2006 ). The removal of ciliates released NF from the grazing pressure and allowed them to efficiently control the bacteria, bringing about a decrease in their number. In our experiment, ciliates were dominated by Limnostrombidium viride, which, although mixotrophic, are able to graze on nanoplankton and bacteria. Thus, it seems that during the described predator-prey oscillations we could not observe a subsequent decrease or increase of bacteria or eu-APP numbers, because both protozooplankton groups could graze on them.
Mixotrophic communities in trophic cascade
Another mechanism, which could weaken the trophic cascade and obscure its effect, is the presence of mixotrophs (Ptacnik et al. 2004 ). The trophic cascade described here had the phytoplankton responding only moderately in terms of biomass to the removal of crustaceans, but generated substantial alterations in its composition. Also Sommer et al. (2003) found a structuring and complementary effect of two mesozooplankton guilds − Daphnia and copepods − on phytoplankton. The authors found no strong response of phytoplankton biomass to the changing biomass of mesozooplankton consumers and established that each group of mesozooplankton significantly, though in a different way, influenced the composition of phytoplankton. Daphnia suppressed small algae and caused an increase of big, grazing-resistant taxa, while the copepods suppressed big algae, positively influencing nanoplankton. In line with their findings, we also found that in the treatments with the high biomass of crustaceans, chlorophytes' species protected by gelatinous sheaths, increased their contribution in the total phytoplankton biomass (Fig. 2) . Consequently under low crustacean grazing pressure, chrysophytes and cryptophytes developed well, partially replacing the chlorophytes. The presence of non-edible phytoplankton in treatments with high mesozooplankton biomass indicated the existence of strong grazing pressure similar to Daphnia grazing described in experimental (Modenutti et al. 2003 , Sommer et al. 2003 ) and environmental studies (Rojo et al. 2007 ). This is an interesting result because both in our experiment and in the lake, the mesozooplankton consisted of equal shares of microfiltrators and macrophagous consumers. This shows that even the influence of considerably small cladocerans, such as: D. brachyurum and H. gibberum, is strongly structuring and may explain the low phytoplankton biomass in this lake.
The increase of mixotrophic species in treatments with lower biomass of mesozooplankton additionally complicated the trophic cascade generated in the mesocosms. It revealed an additional link, which may be particularly significant in humic lakes, where autotrophic organisms are affected by various resource shortages. Mixotrophic taxa are a common component of phytoplankton in humic lakes , Bergström et al. 2003 in which poor light penetration, as well as nutrient limitations favor the existence of mixotrophs. The latter benefit from mixotrophy in terms of carbon demand during light limitation and/or may overcome nutrient limitations (e.g. bound with humic organic matter) by ingesting bacteria and APP (Bergström et al. 2003, Flynn and Mitra 2009 ). The chrysophytes and cryptophytes, which occurred in our low mesozooplankton treatments, were represented by potentially mixotrophic Dinobryon spp. and Cryptomonas spp. (Jones 2000) . Therefore, these phytoplankton taxa could bear further grazing influence on APP and bacteria, obscuring the effects of the trophic cascade in consecutive treatments, and explain the lack of significant changes in the mean biomass of picoplankton.
The CA analysis of the studied variables in all the treatments additionally revealed a threshold level of crustacean density at which change from food webs driven by mesozooplankton consumers to protozooplankton consumers occurred. According to the CA analysis, there were similar controlling processes in the control and the treatment with 1/2 of the initial mesozooplankton biomass, with crustaceans most likely directly responsible (Fig. 3B) . The assignment of the 1/25 th , 1/50 th and "0" treatments on the opposite side to the control and 1/2 treatment implied a significant change in grazers responsible for planktonic variability. The placement of the 1/5 th mesocosm just at the 0 value of the horizontal axis implied that the treatment with the initial abundance of 12 ind. l -1 corresponds to a threshold level of crustaceans at which the transition between a mesozooplankton-or protozooplanktondriven food web happens in this environment. This was additionally supported by the visible change in the mean phytoplankton, chlorophyll a and NF biomass in this mesocosm compared to the control and the 1/2 treatment (Fig. 1) .
In conclusion it seems that bacteria and eu-APP, which form the base of the microbial food web, serve as prey for various trophic and taxonomic groups, and may be efficiently controlled regardless of the dominating consumers. Mixotrophic species form an additional, often omitted link, which may be particularly important in food webs of humic lakes, while omnivorous taxa may additionally obscure the effects of the trophic cascade. We suggest that picoplankton − bacteria and eu-APP − are the steadiest components stabilizing such food webs due to a high growth rate and short generation time.
